The main objectives of POBEX were to: (1) understand and quantify how large-scale climate variability drives the regional-scale physical variability that is coherent along the Pacific boundary, and Although different climate modes have different regional expressions, changes in vertical transport (e.g., upwelling) were found to explain the dominant nutrient and phytoplankton variability in the CCS, GOA, and PCCS, while changes in alongshore transport forced much of the observed long-term change in zooplankton species composition in the KOE as well as in the northern and southern CCS. In contrast, cross-shelf transport dynamics were linked to mesoscale eddy activity, driven by regional-scale dynamics that are largely decoupled from variations associated with the large-scale climate modes. Preliminary findings suggest that mesoscale eddies play a key role in offshore transport of zooplankton and impact the life cycles of higher trophic levels (e.g., fish) in the CCS, PCCS, and GOA. Looking forward, POBEX results may guide the development of new modeling and observational strategies to establish mechanistic links among climate forcing, mesoscale circulation, and marine population dynamics.
Here, we report on some of the major accomplishments of the POBEX program in the context of a synthesis of the mechanics of Pacific climate and ecosystem lower trophic variability.
L ARGE-SCALE MECHANICS OF PACIFIC CLIMATE AND ECOSYSTEMS
One of the most significant contributions of the POBEX program from a physical standpoint was to improve our understanding of the mechanisms driving decadal variability in the North Pacific.
In particular, the models revealed the ocean-atmosphere connections driving the PDO and NPGO. Interannual ENSO fluctuations strongly influence these decadal oceanic responses to atmospheric forcing in the North Pacific Di Lorenzo et al., 2010) . ENSO fluctuations propagate through the atmosphere; the ocean ultimately integrates their effects into the observed responses. Two main pathways are apparent, driven by different types of ENSO, and culminating in the PDO and NPGO (Figure 1 ). In one, an Eastern Pacific ENSO (EP-ENSO) influences the Aleutian Low (AL) atmospheric system to drive the PDO (explains ~ 30% of the variance; Newman et al., 2003; Vimont, 2005) . In the other, a Central Pacific ENSO (CP-ENSO) contributes to the low-frequency variability in the North Pacific Oscillation (NPO)-the second dominant mode of atmospheric variability in the North Pacific (Walker and Bliss, 1932; Rogers, 1981) , result- Qiu et al., 200 7 Atmospheric Bridge Di 
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Central Pacific non-Canonical ENSO (mature) Alexander et al. 2009 (Miller and Schneider, 2000; Qiu et al., 2007; Taguchi et al., 2007) , while NPO/ NPGO Rossby waves modulate the speed and strength of the KOE (Ceballos et al., 2009) . A similar Rossby wave connection has been also isolated in the South Pacific (Holbrook et al., 2011) .
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In its positive phase, the "traditional" and temperature that are captured in the PDO pattern (Figure 3b ). These dynamical links allow the PDO to be modeled as a simple integrator of the AL variability and the EP-ENSO teleconnection (Newman et al., 2003; Schneider and Cornuelle, 2005; Vimont, 2005) Kao and Yu, 2009) 
REGIONAL TR ANSPORT PROCESSES AND MARINE ECOSYSTEM RESPONSES
To examine how large-scale climate forcing impacts regional transport dynamics and ecosystem processes, the POBEX team ran the regional ocean modeling system (ROMS) for the regions of interest, using the output of the global eddy-resolving OFES has no projection along the PCCS and therefore the NPGO-equivalent variability is absent. Along the eastern boundary system, POBEX researchers described large, latitudinally dependent, low-frequency changes in the timing, duration, and intensity of coastal upwelling in the California Current ).
An important fraction of these changes in the southern CCS was linked to the NPGO (Chenillat et al., 2012) . In the PCCS, changes in seasonal timing are still not well understood but are likely connected to changes in the seasonal cycle of the ENSO system. These phenological changes could be important, as many organisms have life histories that are closely adapted to the strong seasonal cycle (Barth et al., 2007) .
Changes in Ocean Horizontal Transport Explain Observed Zooplankton Variability
Large-scale climate forcing was also found to affect regional-scale horizon- Fisheries Science Center off Newport, Oregon. There, zooplankton communities cycle in the relative dominance of cold-water or warm-water species (e.g., Peterson and Keister, 2003) Figure 7 for the SCCS is obtained by integrating the PDO; see Di . Note that in Figure 7b 
Mesoscale Eddies Control Cross-Shelf Exchanges and Impact Fish Habitats
While large-scale climate modes strongly controlled upwelling and alongshore transport variability, the cross-shelf exchanges diagnosed from passive tracers (Combes et al., 2009 were not as coherent across the POBEX regions. Indeed, they were mostly independent of large-scale climate forcing. Mesoscale features (e.g., eddies and filaments), rather than wind-driven Ekman transport, dominate cross-shelf transport variability along the eastern boundary (Combes et al., 2009 . These structures drive the offshore export of surface waters and subsurface waters of the eastern boundary undercurrents for the CCS; Hormazabal et al., 2013, for the PCCS). Although a large fraction of mesoscale variance is internal to the ocean and unpredictable, regionalscale forcings were found to control the statistics of eddies in the Gulf of Alaska and the CCS, especially the anticyclones, which showed stronger low-frequency variability than the cyclones (Combes and Di Lorenzo, 2007; Combes et al., 2009; Davis and Di Lorenzo, in press ).
There is growing evidence that meso- Di Lorenzo and Ohman (2013) skill (R = 0.6, Figure 8b ). This integration by the ocean filters out the highfrequency variability of the white noise atmospheric forcing and enhances the decadal and lower-frequency variability LTERs provide the necessary infrastructure for addressing the scientific and societal issues of climate change impacts on marine resources. While US GLOBEC POBEX was a short-term, four-year project, it was through these partnerships that POBEX scientists were able to conduct a broad range of climate and ecosystem interdisciplinary research (e.g., http://www.pobex.org).
As US GLOBEC has ended, it will be critical to find new sources of funding to support science networks like POBEX.
